Location of fluorescent probes (2'-hydroxy derivatives of 2,5-diaryl-1,3-oxazole) in lipid membrane studied by fluorescence spectroscopy and molecular dynamics simulation.
2'-Hydroxy derivatives of 2,5-diaryl-1,3-oxazole are known as environment-sensitive ratiometric excited-state intramolecular proton transfer (ESIPT) fluorescent probes, which are used to monitor physicochemical properties of lipid membranes. However, because of their heterogeneous membrane distribution, accurate experimental determination of the probe position is difficult. To estimate the location of the ESIPT probes in lipid membranes we have performed fluorescence measurements and molecular dynamics (MD) simulations. In the series composed of 2-(2'-hydroxy-phenyl)-5-phenyl-1,3-oxazole (1), 2-(2'-hydroxy-phenyl)-5-(4'-biphenyl)-1,3-oxazole (2), and 2-(2'-hydroxy-phenyl)-phenanthro[9,10-d]-1,3-oxazole (3), the structure of the ESIPT-moiety of 2-(2'-hydroxy-phenyl)-oxazole was varied by either aromatic ring substitution or annealing, leading to the systematical increase in the hydrophobic character of the probes. The comparison of the fluorescence behavior of probes 1-3 in a wide variety of solvents with those in phospholipid vesicles revealed that all three probes prefer to reside inside a membrane. Our MD results demonstrate that the probes locate from the glycerol residues and the polar carbonyl groups of phospholipids up to hydrophobic acyl chain units. It has been found that the probe location correlates well with the size of the aromatic moiety, being gradually shifted from 11.1 Å to 7.6 Å from the bilayer center for probes 1 to 3, respectively. Our results may be useful for the design of novel fluorescent probes for fluorescence sensing of specific regions within a lipid membrane.